The paper looks into the possibilities of using available renewable resources in rural areas for electric power generation for remote consumers. Based on meteorological data (the hourly wind speed) collected and analyzed for Dapchi, a north eastern rural settlement of Nigeria, coupled with hydrological data of River Kamadougu Gena, the hourly power produced from a hybrid power system comprising of wind and small hydro power systems is evaluated and considered as a supply source to electrical loads of the settlement.
Introduction
The level of developments of most countries or economies is usually graded through the knowledge of their energy needs. In spite Nigeria's oil and gas wealth, about 38% of her population have access to electricity through national grid, which in most cases, is irregular in supply [1] . One of the major problems face by electric power supply system in Nigeria is distance, that is, between the generating stations and end users. As at now most of generating stations within the national grid are fossil-fuel based and they are mostly situated in the southern parts of the country [1, 2] .As a result, most of the generated power is lost through transmission to the other parts of the country. Among various solutions to reduce energy losses through transmission, is the distributed generation, which in a way reduces the over dependence on national grid and provides means of localizing network problems and stimulates the use of energy resources that are characterized by the locality. The use of renewable energy resources, that are available within a given locality, is one of the means of providing electricity that is not dependant on the national grid. Most renewable energy resources are not dispatchable, therefore their level of availability or reliability is subject to various factors beyond human control. The availability of the resources can be improve by hybridizing two or more resources for a common use thus, exploiting their differentials as in maximum and minimum availabilities through storage means to meet the needs of end users as in quality and quantity [3] . This paper explains the use of hybrid small hydro power and wind power resources to generate electricity for a remote settlement, Dapchi, in north eastern part of Nigeria, as viable alternative to rural electrification based on diesel generators and national grid.
Small Hydro and Wind Power Resources
Dapchi is located along the bank of river kamadougu gena, which flow into the Lake Chad. Considering the catchment area and amount of daily average precipitation, the hydrology of the river is as shown in figure 1 [2, 9] , where Ah is the altitude in meters and Qdec is the amount of discharged water, with due consideration for ecological factors, in cubic meters per second at a given altitude and length of the river. The mathematical relations that were used to derived the hydrological are as follows:
The altitude, Ah, as function of the length, L, of the river is presented thus Ah = f(L) and the discharge Qdec too, that is Qdec = f(L), these functions for river kamadougu gena are graphically represented in figure 1. Dapchi is located at about 115 km from the beginning of the catchment area, along the flow path, of the river and at that location the discharge rate, Q, is about 3.44 m 3 /s and the available head, H, for generation is approximately 37 m, therefore the ideal hydropower equation can be applied as:
Where 9.81 is the value for acceleration due to gravity, g; η is the efficiency of conversion medium (turbine and generator); ω is the water density.
The wind data used in this work were from two sources: (1) the annual mean of the percentage wind frequencies in different directions and for various wind speed ranges from the meteorological department, Oshodi i.e. 3-hourly wind records from 1951 to 1983 [2] and (2) By considering the geographical location of Dapchi, 12.5 o N (latitude) and 11.5 o E (longitude), information on average wind speed data were obtained from satellitederived meteorological and solar energy parameter tables from NASA. The monthly average wind speed for a given month, averaged for that month (and for year) over the 10-year period (July 1983 -June 1993) where the wind speed is evaluated using the Gipe power law. The wind speed at 50 m above the surface of the earth and the surface roughness exponent based on the chosen vegetation type are used in the equation [4] :
Where o v is the average wind speed of a particular section and was evaluated as can be expressed through a power coefficient C p , as:
The value of C p depend on construction type of wind turbine and A is area covered by the arrangement of the turbine blades, and is often express as r 2 or D 2 /4, where r and D are the length of turbine blade and diameter of the area covered by turbine blades arrangement, respectively [5] . The equation (4) above can then be written as
Where P WP is the wind power in place mechanical power. The average extractable power by clusters of wind turbines (with identical C p and D) of a given land surface area S, m 2 can be determined from equation (5) by formula: 3 2 8 20
Where H is the height of the wind turbines above the sea level and factor 20H represents the distance, at which the turbines are supposed to be located from each other in order to get maximum power conversion by the wind turbines.
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Electric load estimation
The electric load estimation of Dapchi settlement was done by considering the following factors: category of consumer (mostly residential),i; type of electrical appliance, w; and quantity of (all types) electrical appliances, n w , that are available and connected to the system. The load estimate was done in line with expected population of Dapchi by 2015, which was estimated to be 2371 [6] . The mathematical relations for load computation, P j l were as shown below:
Where A j wl is a factor, reflecting number of days that appliances (types) are connected to the system; C j wla fator reflecting amount of appliances connected to the system(coincidence factor) and P wnominal power rating of appliance(s).
The overall electrical load at a given period of time can be determine by the relation below:
The System
The configuration of self explanatory algorithm for efficient and reliable hybrid of wind and small hydro power supply for Dapchi electric loads is shown in figure 3 . Fig. 3 , System Algorithm
The total power generation of the system, P g.sys ., considering relations (1) and (7),can be express as: 
Where E shp and E wp are energy from small hydro and wind power respectively; K losssum of system energy loss (0.8 -0.9); T rnumber of hours the system operates in a day; η chthe deepcycle-battery's discharging factor(0.6 -0.8) and η scefficiency of inverter and stabilizer (system (11)
Conclusion
Considering available power generating components for small hydro power installations in the markets, MHA -500-35-0.55 turbine was selected with the following parameters: with the discharge rate , Q, of 1.4m 3 /s and head, H, of 20 meters, the output of the generator is 200 kW while four (4) wind turbines, PW 30/14 type, are selected with each, depending on wind speed, having maximum power output of 30 kW at height of 50m [5] . The resultant average energy balance is as shown in figure 4 . 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24 
